Aims Echocardiography is known as the most useful diagnostic test in the assessment of patients with heart failure (HF), and the prognostic significance of echocardiographic findings in HF is well known. In this report, we aim to present the prognostic significance of a limited set of echocardiographic parameters obtained within 24 h of admission of patients enrolled in the Rajaie Acute Systolic Heart Failure registry. Methods and results A total of 230 patients with the diagnosis of acute systolic HF (left ventricular ejection fraction ≤ 35%) were enrolled into the study. Transthoracic echocardiography was performed for all study population within 24 h of admission. The primary endpoint of the study was the occurrence of worsening renal function (WRF) during the hospitalization course.Acquiring data of transthoracic echocardiography within 24 h of admission was feasible in all study participants. The median (inter-quartile range) of left ventricular ejection fraction was 20% (15-23%). Severe right ventricular dysfunction was observed in 21.5% of patients. The grade of inferior vena cava collapse and right ventricular systolic dysfunction were associated with WRF. In multivariable analysis, right ventricular systolic dysfunction was among the independent predictors of WRF [β = 0.8, P = 0.01, odds ratio (OR) = 2.4 (1.2-4.9)] and in-hospital mortality [β = 0.6, P = 0.04, OR = 1.5 (0.5-4.6)]. Conclusions Echocardiographic parameters are useful for baseline assessment and provide additional information besides other clinical variables for prognostication. Right ventricular dysfunction is the most important risk factor in developing WRF and in-hospital mortality in patients with acute HF.
Introduction
Echocardiography is recommended as a useful diagnostic tool in the clinical setting of acute heart failure (AHF) by current HF guidelines. 1 However, despite guideline recommendations, the timing of echocardiographic assessment and prognostic significance of echocardiographic findings in the setting of AHF have not been adequately described. In a recent study in the USA, two out of five patients did not undergo assessment of left ventricular ejection fraction (LVEF) after a new diagnosis of AHF. 2 In another study in Europe, 68% of the 9400 patients admitted with AHF did not have an echocardiogram performed at some point during the index admission. 3 The Rajaie Acute Systolic Heart Failure (RASHF) registry is a single-centre, prospective, observational, hospital-based study of systolic HF patients admitted with AHF in a tertiary centre for advanced HF and transplantation programmes in Tehran, Iran. prognostic factors. In this report, we aim to present the prognostic significance of a limited set of echocardiographic parameters obtained within 24 h of admission of patients enrolled in the RASHF registry.
Methods
In the RASHF registry, all AHF patients with an LVEF ≤ 35% were enrolled consecutively for 10 months from March 2012 to February 2013.
The study protocol and inclusion criteria have been described previously. 4 All the study participants were subsequently followed up for 3 months for death or rehospitalization. The primary endpoint of the study was the occurrence of worsening renal function (WRF) during the hospitalization course. The secondary endpoints were inhospital mortality and death within 3 months after discharge.
WRF was defined as an absolute increase in serum Cr ≥ 0.3 mg/dL from baseline in at least two consecutive samples during the index hospitalization up to discharge. [4] [5] [6] [7] [8] This study was approved by research and ethics committee of Rajaie Cardiovascular Medical and Research Center, and written informed consent was obtained from all study participants.
The echocardiography protocol
Transthoracic echocardiography using a commercial GE Vivid 3 with a 3-MS variable frequency harmonic phased-array transducer was performed by expert cardiologists for all study population within 24 h of admission in accordance with the American Society of Echocardiography guidelines. [9] [10] [11] In order to perform a centralized echocardiographic evaluation, the initial echocardiogram was obtained considering a list of definitions for various echocardiographic parameters ( Table 1) .
For all patients, a comprehensive transthoracic echocardiography was performed during the hospital course before discharge. However, in this study, the first echocardiographic findings acquired within first 24 h of admission were considered in statistical analysis.
All data were registered in software designed by dedicated hospital information technology team (Supporting Information).
The appropriate echocardiographic parameters including left ventricular (LV) systolic and diastolic function, right ventricular (RV) size and systolic function, presence of left atrial enlargement, any valvular dysfunction and pulmonary artery systolic pressure (PASP), and the size and collapse of inferior vena cava (IVC) were taken into consideration. Owing to critical condition of patients, the LV systolic function was assessed in terms of the ejection fraction (LVEF) by visual assessment; however, the biplane Simpson method was applied in some more stable patients. LV diastolic dysfunction was assessed and estimated by early and late mitral inflow (E and A) as well as septal early diastolic (E 0 ) velocities (E/A ratio and E/E 0 ratio) and left atrial size. 12,13 RV systolic function was evaluated using the following parameters: tissue Doppler-derived tricuspid lateral annular systolic velocity (S 0 ) and tricuspid annular plane systolic excursion (TAPSE) S Binary multivariable regression analysis with stepwise selection method was used to define the independent predictors. P value < 0.05 was considered to be statistically significant.
Results
Among >5000 admissions during 10 months, a total of 230 patients (82% male) with a mean (SD) age of 53 (16) were included in this study. Most of the patients have acute decompensated HF, and only 12% of them were diagnosed as acute de novo HF.
The demographic clinical and laboratory findings of study population were reported elsewhere. 4 Table 2 depicts some of the study findings.
Echocardiographic findings
In our centre, all newly admitted patients including patients suspected with AHF underwent transthoracic echocardiography on admission. Acquiring data of transthoracic echocardiography within 24 h of admission was feasible in all study participants, and almost all echocardiograms were acquired within the first 6 h of admission. Table 3 shows the echocardiographic findings of study population.
The median (IQR) of LVEF was 20% (15-23%), and >60% of patients had moderate and/or moderate to severe LV enlargement. Fifty-six per cent of patients showed severe LV diastolic dysfunction, significant RV dysfunction was observed in 21.5% of patients, and 18.7% of patients had severe mitral regurgitation (MR). 
Prognostic significance of echocardiographic findings
Patients who developed WRF had significantly higher IVC size and lower IVC collapse. The median (IQR) of IVC size in patients with WRF was 2.1 (2.1-2.3) cm, whereas it was 1.75 (1.7-2.1) cm in patients without WRF (P = 0.03). All patients with WRF had an IVC size > 2.1 cm, and the IVC collapse was <50% in 66% of them (P = 0.002).
There was also a significant association between RV systolic dysfunction and development of WRF (P = 0.02). Seventy-three per cent of patients with WRF showed significant RV dysfunction (considering TAPSE < 16 mm and RV S 0 velocity < 10 cm/s), whereas only 45% of patients without WRF had significant RV dysfunction. The median (IQR) of TAPSE in patients with and without WRF was 12 (11) (12) (13) (14) mm and 16 (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) mm, respectively (P < 0.001). There was also significant difference between patients with and without WRF in terms of RV S 0 . The median (IQR) of RV S 0 in patients with and without WRF was 8 (6-9) cm/s and 10 (8-14) cm/s, respectively (P < 0.001). There was no significant association between the severity of tricuspid regurgitation (TR), LVEF severity of LV diastolic dysfunction, and severity of MR or left atrial enlargement and development of WRF (all P values > 0.05). The RV-pulmonary circulation coupling was significantly lower in patients with WRF. The median (IQR) of RVpulmonary circulation coupling in patients with and without WRF was 0.25 (0.18-0.33) and 0.37 (0.27-0.63), respectively (P < 0.001). However, we found no independent correlation between RV-pulmonary circulation coupling and WRF in multivariable analyses.
The RV systolic dysfunction, baseline creatinine level > 1.5 mg/dL, and the presence of ascites were independent predictors of WRF in multivariable analyses ( Table 4) .
Regarding the relationship between echocardiographic data and in-hospital mortality, we found that significant RV dysfunction (P = 0.04), more-than-moderate TR (P = 0.02), severe LV diastolic dysfunction (P = 0.04), and RV-pulmonary circulation coupling were associated with higher in-hospital mortality. There was no association between in-hospital mortality and LVEF, severity of MR, or left atrial enlargement.
The severe RV systolic dysfunction, development of WRF, lower systolic blood pressure on admission, and presence of ascites were independent predictors of in-hospital deaths in multivariable analysis (Table 5) .
However, the C statistic measures showed that by adding the significant RV dysfunction to the other clinical and laboratory factors in our multivariable models, the accuracy of model for prediction of only WRF and not in-hospital mortality was improved ( Table 6) .
Finally, the only variable associated with death within 3 months after discharge was severity of LV diastolic dysfunction, and none of the baseline echocardiographic findings were associated with mortality within 3 months after discharge in multivariable analyses.
Discussion
Our study results show that, besides the role of echocardiography in diagnosis of HF in patients who presented with dyspnoea or other relevant symptoms, echocardiographic parameters have prognostic significance and could be considered for risk stratification of patients with AHF. The uniform nature of our study population (AHF patients with LVEF < 35%), performing echocardiography within 6 h of admission and considering WRF as a prognostic factor are the strengths of our study.
There is no consensus recommendation regarding the optimal timing and re-assessment with echocardiography in AHF patients. In a review, Papadimitriou et al. have mentioned that as a result of variability in phenotypes of patients with AHF and lack of echocardiographic examination in many studies and trials, the usefulness of echocardiography for risk Echocardiographic predictors of WRF in AAHF stratification in AHF is unclear. 12 For example, in a European HF cohort, echocardiography was not performed in 68% of patients with AHF by the time of discharge, and less than half of patients who had an echocardiogram performed during the index admission were imaged within the first 24 h. In this HF cohort, about one-half of patients who had an earlier echocardiogram underwent a new one during the index admission. 12 Although in some of the studies a comprehensive echocardiographic study has been performed in the setting of AHF, in many AHF studies and registries, only a few echocardiographic parameters such as LVEF, LV size variables, and LV diastolic parameters have been considered as variables.
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Echocardiographic predictors of worsening renal function
One of the most important outcome measures in patients with AHF is WRF. 17 In another study by Metra et al., the prognostic significance of WRF was evaluated in 599 patients with AHF, and the only echocardiographic variable in this study was LVEF. 15 In some other smaller studies like the Haglund et al. study, the diameter of RV in echocardiography was one of the independent predictors of WRF in AHF patients undergoing ultrafiltration, 6 or in the Tandon et al. study, RV fractional area change and TAPSE were powerful predictors of WRF in patients with acute inferior wall myocardial infarction. 18 In the present study, we could show significant correlation between echocardiographic parameters and development of WRF during admission with AHF. The clinical predictors of WRF in our study have been presented previously. 4 Among echocardiographic parameters, RV dysfunction was the most important predictor of WRF. We also found that the IVC size and collapse (two good indices for right heart function) were correlated with WRF. All of these findings are consistent with the results of numerous studies that show that right heart function is more important than LVEF in the development of cardiorenal syndrome. [19] [20] [21] [22] However, the presence of significant RV dysfunction and increased IVC size shows more progressive HF and poor outcome in these patients.
It has been recently shown that the ratio of TAPSE/PASP (RV-pulmonary circulation coupling) has prognostic significance in patients with HF irrespective of preserved or reduced LVEF.
14 In our study, we could find a correlation between RV-pulmonary circulation coupling and both WRF and in-hospital mortality in univariable analysis, and the RV-pulmonary circulation coupling was significantly lower in patients with WRF and/or those who died in hospital. However, as shown by multivariable analyses, this ratio could not independently predict WRF or in-hospital death in the setting of AHF. For as far as we have studied and researched, there is no published study that investigates the RVpulmonary circulation coupling in the setting of AHF, and determination of its prognostic significance in the setting of AHF would be a new line for investigation.
Echocardiographic predictors of in-hospital mortality
There are conflicting data regarding the echocardiographic predictors of in-hospital mortality in AHF; some studies showed LVEF and TR gradient as important predictors of early death during admission, 12, 16, 23 and some other studies could not show any association between LVEF and major adverse events including in-hospital mortality. 24 Citro et al. determined echocardiographic and clinical correlates of AHF, cardiogenic shock, and in-hospital death in a cohort of takotsubo cardiomyopathy. They performed a comprehensive echocardiographic examination within 6 h of admission in these patients feasibly and showed the higher age, lower LVEF, higher E/E 0 ratio, and more severe MR as independent predictors of major adverse events. 25 We could not also find any association between LVEF and in-hospital death, which may be a result of the nature of our study population. Many enrolled patients had advanced HF with very severe LV systolic dysfunction and poor prognosis; therefore, LVEF might not be a predictor for in-hospital mortality in our study.
The severity of LV diastolic dysfunction has been shown as another important and powerful predictor of short-term and long-term mortality of patients with AHF. 10, 12, 26 In the present study, although severe LV diastolic dysfunction was significantly correlated with in-hospital mortality in univariable analysis, we found no association in multivariable analysis, which might be explained by the critical clinical condition of our study population.
Another echocardiographic correlate of early and late HF mortality and re-admission in AHF patients with reduced ejection fraction is RV function (evaluated by the TAPSE, tricuspid annular velocities, or RV peak systolic strain). 12, 18, 23 In this regard, we similarly found the significant RV dysfunction as an independent predictor of inhospital mortality.
Study limitations
The most important limitation of this study is its nature of being registry, and like any observational study, the possibility for introducing bias through unmeasured confounding variables exists.
Although a list of definitions for various echocardiographic parameters was provided, the interpretation of echocardiographic study might be at the discretion of the person performing the study. In the present study, measuring natriuretic peptides was not possible for all patients. Finally, the follow-up duration is only 3 months. The Iranian HF registry is ongoing, and we will try to overcome the limitations in future studies.
In conclusion, the presence of RV dysfunction in echocardiography is the most important risk factor in developing WRF and in-hospital mortality in AHF. Performing 
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